Purpose: To study mid-term outcomes in patients admitted to receive treatment for acute type B aortic dissection. Methods: The study group comprised 229 patients with acute type B aortic dissection treated between January 2000 and July 2010. 128 patients had a thrombosed false lumen, and 101 had a patent false lumen. Results: In the thrombosed group, 6 had rupture, 4 had malperfusion, and 118 had no complications. There were 5 early deaths (3.9%). In the patent group, 12 had rupture, 19 had malperfusion, and 70 had no complications. There were 6 early deaths (5.9%). Overall survival rates in the thrombosed group and the patent group were 94.7 ± 2.2% and 90.2 ± 3.2% at 1 year, and 84.3 ± 4.6% and 85.9 ± 4.3% at 5 years (p = 0.892), respectively. Aorta-related event-free rates were 85.6 ± 3.4% and 48.3 ± 5.5% at 1 year, and 76.0 ± 5.1% and 35.2 ± 7.2% at 5 years (p <0.001), respectively. Conclusions: The incidences of rupture and malperfusion during the acute phase were higher in the patent group compared with the thrombosed group. At the late period, although the aorta-related event rate was higher in the patent group, the survival rate did not differ between two groups. Close follow-up and aggressive intervention strategy of the patent group may result comparable outcomes with the thrombosed group.
Introduction
Acute aortic dissection is a serious cardiovascular condition, and surgery is the mainstay of treatment for acute type A aortic dissection because of its high mortality with conservative treatment. 1, 2) Acute type B aortic dissection is usually managed by conservative treatment with antihypertensive agents and rest. However, patients with acute type B aortic dissection who have complications such as rupture and organ ischemia have high mortality; such patients thus often require emergency surgery. [3] [4] [5] [6] Late complications such as aortic enlargement and rupture may occur during follow-up in patients who receive conservative therapy at the acute phase, thereby necessitating surgery. [7] [8] [9] Several studies have reported that early or late complications such as aortic rupture and organ ischemia are related to whether the false lumen has been thrombosed or remains patent. 10, 11) Akutsu, et al. reported that a patent false lumen is strongly associated with late aortic events and mortality. 12) However there are few reports focusing on the false lumen of acute type B dissection in relation to early and late outcomes.
We retrospectively studied patients with acute type B aortic dissection who were hospitalized and treated in our institution. The aim of this study was to clarify the impact of complete occlusion of false lumen at the time of presentation on early and late outcomes.
Materials and Methods

Study population
The study group comprised 229 consecutive patients with acute type B aortic dissection who were admitted to Yokohama City University Medical Center from January 2000 through July 2010. Computed tomography (CT) was performed in our hospital or by a local physician at the time of symptom onset. The diagnosis was established by confirming the presence of a false lumen of the aorta on CT performed within 14 days after the onset of chest and/or back pain. Dissection due to iatrogenic reasons was excluded from the study.
The 229 patients (155 men, 74 women) were divided into 2 groups according to the status of the false lumen on CT images: 128 with complete thrombotic occlusion of the false lumen (thrombosed group) and 101 with patent false lumen (patent group). The mean age of patients was 66.6 ± 12.2 years, and the cumulative follow-up period was 657.5 patient-years. The complete follow up rate was 81.8%.
Patient characteristics
Disease history was ascertained on the basis of personal interviews with the patient at admission. The maximum diameter of the aorta was measured on CT scans.
Medical therapy
All patients who were admitted for acute type B aortic dissection received antihypertensive therapy. In accordance with the treatment protocol of our hospital, a calcium antagonist was given as a continuous intravenous infusion to maintain a target systolic blood pressure of 130 mm Hg, and nitroglycerin preparations were additionally administered as required. Oral antihypertensive therapy was begun 2 days after the onset of symptom with beta-blockers, angiotensin-receptor blockers, and/or calcium-channel blockers, as required. Pain was adequately controlled by treatment with non-steroidal anti-inflammatory drugs; if necessary, narcotics was used. CT was performed around 7 and 18 days after the onset of acute type B aortic dissection to confirm the status of the false lumen and the increase of aortic diameter.
Patients without major events during hospitalization were discharged around 21 days after the admission.
Surgical therapy
Surgery was indicated in addition to medical therapy for patients who had rupture, organ ischemia, or both. Rupture and organ ischemia were diagnosed on the basis of CT and physical examination during the acute phase. Rupture was basically treated by open surgery or by thoracic endovascular aortic repair (TEVAR). Choice of treatment strategy was determined by anatomical reasons and availability of clinical team. Organ ischemia was treated by bypass surgery or catheter intervention. If patients who had rupture or organ ischemia refused surgical interventions, they were managed by conservative treatment.
Factors influencing mid-term outcomes
Follow-up data were obtained from the patients' medical records or by telephone call. Patients whose survival status was unknown at July 2010 were considered lost from follow-up. Late aortic events were defined as aortic surgery, progression to acute type A aortic dissection, recurrence of acute type B aortic dissection, and rupture.
Statistical analysis
The data are expressed as means ± standard deviation of the mean. Un-paired student's t-test was used to compare continuous variables, and chi-square test and Fisher's exact test were used to compare categorical variables. Time-related changes in freedom from aortarelated events and survival were analyzed by the KaplanMeier method and Mantel-Cox proportional hazards model. Statistical analysis was made by using SPSS software (version 18 for Windows, IBM Inc.). P value equal or less than 0.05 was considered statistically significant.
Results
Patient demographic characteristics Table 1 shows the baseline clinical characteristics of the 128 patients in the thrombosed group and the 101 patients in the patent group. Mean age was significantly higher in the thrombosed group (68.9 ± 10.1 years) than that in the patent group (63.7 ± 14.0 years). The gender did not differ significantly between the groups. There were no differences between the groups in the previous history of diseases such as hypertension, hyperlipidemia, diabetes mellitus, chronic obstructive pulmonary disease, or previous cardiac surgery. The maximum aortic diameter at disease onset was also similar. DeBakey classification was significantly different between the groups. Extension of aortic dissection to the abdominal aorta was seen more frequently in the patent group than in the thrombosed group (Table 1) .
Complications in the acute phase
Complications occurring during the acute phase are shown in Table 2 . In the thrombosed group, 6 patients had rupture, and 4 had organ ischemia (mesenteric ischemia in 2 and lower limb ischemia in 2).The other 118 patients had no major complications. In the patent group, 12 patients had rupture, and 19 had organ ischemia (spinal ischemia in 2, mesenteric ischemia in 4, renal ischemia in 3, and lower limb ischemia in 10). The other 70 patients had no major complications. The number of patients who received surgery during the acute phase of aortic dissection was 7 (5.4%) in the thrombosed group (rupture in 3, mesenteric ischemia in 2, and lower extremity ischemia in 2), and 26 (25.7%) in the patent group (rupture in 10, mesenteric ischemia in 3, renal ischemia in 2, and lower extremity ischemia in 2). The proportion of patients who had acute type B aortic dissection without complications was significantly higher in the thrombosed group. The incidence of rupture, lower limb ischemia and surgery during the acute phase were significantly higher in the patent group ( Table 2) .
Early outcomes
In the thrombosed group, 5 patients (3.9%) died within 30 days after admission. The cause of death was rupture in 2 patients, mesenteric ischemia in 2, and respiratory failure in 1. In the patent group, 6 (5.9%) died within 30 days after admission. The cause of death was rupture in 2 patients and mesenteric ischemia in 4. The early mortality rate did not differ between the thrombosed group and the patent group. In this series, all patients with mesenteric ischemia died in the early period.
Treatment for complications in the early phase
In the thrombosed group, 6 patients had rupture in the early phase. Three of these patients underwent open surgery. The other 3 patients were observed: 2 were not underwent surgery because of their refusal (1 died during hospitalization, and 1 was transferred to another hospital Table 3 ).
In the patent group, 22 patients had late aortic events. Fifteen of them underwent elective aortic surgery. Acute type A aortic dissection developed in 3 patients, and all of them underwent surgery. Acute type B aortic dissection recurred in 3 patients, and all of them received conservative therapy. Rupture occurred in 1 patient, and he was treated with conservative therapy (Table 3) .
Late mortality
No patient died after elective aortic surgery. In the thrombosed group, 1 patient died due to acute type A aortic dissection, and 2 patients died due to rupture. In the patent false lumen group, 1 patient died due to rupture ( Table 4) .
Treatments for events at the late phase
In all 7 patients who underwent elective aortic surgery in the thrombosed group because of the increase of the diameter of the aorta. Three patients underwent open surgery, and the other 4 patients underwent TEVAR. An endoleak developed in 1 who underwent TEVAR. This patient subsequently underwent open surgery for expansion of the aorta. There was no surgery-related death.
Of the 15 patients who underwent elective aortic surgery in the patent group, 6 underwent thoracotomy or laparotomy for aortic expansion (including the abdominal aorta), and 9 underwent TEVAR. Indication for TEVAR was aortic dilatation in 1 and closure of entry in 8. Among the patients underwent TEVAR, false lumen was fully thrombosed immediately after surgery in 2, and endoleak was developed in 6. The endoleak disappeared during follow-up in 3 patients. The other two patients on 42 day after the onset) and 1 had shock on admission and died subsequently. In the patent group, 12 patients had rupture, 10 of them underwent surgery. Open surgery was performed in 9 patients, 2 of them died intraoperatively. TEVAR with a custom-made stent graft was performed in 1 patient. The other 2 patients with rupture received conservative therapy and were transferred to another hospital 14 and 21 days after the onset of symptom.
In the thrombosed group, intervention for organ ischemia was performed in 2 patients with mesenteric ischemia and 2 with lower limb ischemia. One of the patients with mesenteric ischemia underwent total small-bowel resection, and the other underwent superior mesenteric artery bypass surgery. Both patients died during hospitalization. The 2 patients with lower limb ischemia underwent extra-anatomical bypass surgery and were discharged from the hospital in good condition.
In the patent group, 2 patients had spinal ischemia, 4 had mesenteric ischemia, 3 had renal ischemia, and 10 had lower limb ischemia. The 2 patients with spinal ischemia had paraplegia at the time of discharge, although one patient with underwent spinal drainage. Laparotomy was done in 3 of 4 patients with mesenteric ischemia. The other patient refused surgery and received conservative therapy. All 4 patients with mesenteric ischemia died during hospitalization. One patient with renal ischemia received conservative therapy, and the other 2 underwent catheter intervention. Introduction of dialysis was avoided in all 3 patients. Of 10 patients with lower limb ischemia, extra-anatomical bypass surgery was performed in 8, TEVAR for entry closure in 1, and catheter fenestration in 1. All 10 patients were discharged in good condition.
Aortic events at the late phase
In the thrombosed group, 14 patients had late aortic events. Seven of these patients underwent elective aortic underwent elective open surgery because of aortic expansion, and the remaining 1 patient is under observation at the outpatient clinic ( Table 3) .
Aorta-related-event-free rate
In the thrombosed group, the aorta-related-event-free rate was 85.6% ± 3.4% at 1 year, and 76.0% ± 5.1% at 5 years. In the patent group, the aorta-related-event-free rate was 48.3% ± 5.5% at 1 year, and 35.2% ± 7.2% at 5 years. The difference between the groups was significant (p <0.001) (Fig. 1A) .
Mid-term survival
In the thrombosed group, the survival rate was 94.7% ± 2.2% at 1 year, and 84.3% ± 4.6% at 5 years. In the patent group, the survival rate was 90.2% ± 3.2% at 1 year, and 85.9% ± 4.3% at 5 years. The difference between the groups was not significant (p = 0.892) (Fig. 1B) .
Discussion
The objective of this study was to clarify the impact of thrombotic occlusion of the false lumen at the time of presentation in acute type B aortic dissection on early and late outcomes. During the acute phase, the incidence of complications such as rupture and organ ischemia was significantly higher in the patent group than in the thrombosed group. Even in the late phase, the incidence of aortic events was significantly higher in the patent group than in the thrombosed group. Several studies have reported that patent false lumen is an important prognostic factor in patients with aortic dissection. [10] [11] [12] Early death occurred in 5 patients (3.9%) in the thrombosed group and 6 (5.9%) in the patent group. This difference was not significant. In the thrombosed group, surgery was not performed in 3 patients with rupture because of their refusal for surgery, and 2 of these patients died during hospitalization. This may have resulted increased mortality rate in the thrombosed group in our series. All patients with mesenteric ischemia died, irrespective of the status of false lumen, and this is one of the most serious problems to be solved.
Metha, et al. reported that good outcome was obtained with medical treatment in patients with acute type B aortic dissection without complications with an early mortality rate of only about 1%. 13) While high in-hospital mortality rate of 29% was reported in case of surgical intervention due to complications, and the mortality rate goes up higher than 50% in case of emergent operation. 14, 15) In general, open surgery is indicated for the patients with uncontrollable back pain, rapidly expanding false lumen, rupture, or ischemia of main organs when catheter intervention is not feasible. [16] [17] [18] In our hospital, Open surgery was performed only in patients who had rupture at the time of presentation (3 in the thrombosed group and 9 in the patent group). The surgical procedures were aortic arch replacement in 5 patients, replacement of the descending aorta in 6, and replacement of the thoraco-abdominal aorta in 1. Two of these patients (16.7%) died intraoperatively. Recently, thoracic endovascular aortic repair (TEVAR) has been Fig. 1 Aorta-related-event-free rate (A) and survival rate (B) of patients in the thrombosed group and the patent group. The incidence of aorta-related-event was significantly higher in the patent group than in the thrombosed group (p <0.001). In contrast, a significant difference between the two groups was not found in terms of death from any causes.
developed to treat acute type B aortic dissection associated with complications with satisfactory outcomes. [19] [20] [21] Steuer, et al. reported the 30-day mortality rate of 3% and 5-year survival rate of 87% with TEVAR. 20) Since 2010, we have introduced aggressive stent grafting strategy for the patients with rupture. As for treatment strategies for organ ischemia, bypass surgery and catheter intervention are our choice of treatment. There were no deaths among patients with lower limb ischemia and renal ischemia in our series. Bypass surgery and catheter intervention are thus considered appropriate treatments for lower limb ischemia and renal ischemia. On the other hand, all patients with mesenteric ischemia died. Mesenteric ischemia caused by acute aortic dissection is still a lethal complication to be solved. Mesenteric ischemia leads to irreversible changes within several minutes, triggering mesenteric necrosis and acidosis, resulting in death. The patency of the superior mesenteric artery should be confirmed on the diagnosis of aortic dissection, and early intervention or central repair should be performed as soon as possible when mesenteric ischemia is suspected.
As for late outcomes, the incidence of aortic events was significantly higher in the patent group than in the thrombosed group. Although TEVAR was performed to close the entry site in case of patent false lumen, usefulness of TEVAR in patients with acute type B aortic dissection without complications remains unclear. Some studies mentioned that stent grafting promotes false lumen thrombosis and remodeling of major blood vessels. 22, 23) If the future risk of aortic events depends on the status of the false lumen, thrombotic occlusion of the false lumen may improve long-term outcomes. Because TEVAR is considered ineffective in patients with an expanded false lumen, we believe that entry closure by TEVAR should be performed relatively early phase before the expansion of false lumen.
The survival rate did not differ significantly between the thrombosed group and the patent group. Significantly higher age of the thrombosed group may contribute this result. In addition, our strategy of aggressive intervention for acute type B aortic dissection with patent false lumen might have improved the survival rate in these patients. In patients with patent false lumen, TEVAR is recommended when closure of entry site is possible. When the aortic diameter increases during follow-up, open surgery is recommended. In patients with thrombosed false lumen, both TEVAR and open surgery is recommended when the aortic diameter increases.
Our study had several limitations. First, our study is not prospective and our results may have been biased by the presence of censored patients and the relatively small sample size. Second, we did not analyze factors such as length of the initial hospital stay, control of blood pressure in the outpatient clinic, and aortic diameter before the onset of aortic dissection.
In conclusion, the incidences of rupture and organ ischemia were higher in the patent group than in the thrombosed group in the acute phase. In the late phase, the incidence of aortic events was higher in the patent group, however, there was no difference in the survival rate as compared with the thrombosed group. These results suggest that intensive follow-up of acute type B aortic dissection patients with patent false lumen and our aggressive intervention strategy might improve the longterm survival in these patients.
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